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Description 

The invention relates to a piezoelectric actuator 
comprising a bimorph element having first and second 
piezoelectric bodies each polarized in a thickness direc- s 
tion, and an elastic shim sandwiched between said first 
and second piezoelectric bodies, said shim having a 
length longer than said first and second piezoelectric 
bodies so that a first end portion extends outwardly from 
said first and second piezoelectric bodies, and elec- 10 
trodes deposited on surfaces of said piezoelectric bod- 
ies remote from the surface facing said shim, said bi- 
morph element having a first end portion where said first 
end portion of said shim extends and a second end por- 
tion remote from said first end portion. is 

Such a piezoelectric actuator is known from JP-A- 
2003701. 

The present invention particularly relates to a pie- 
zoelectric actuator for use as a head actuator for auto- 
matic tracking in a video cassette recorder (VCR), for 20 
example. 

Demand for high performance head actuators for 
faithfully recording and reproducing video signals to a 
magnetic tape medium has grown in conjunction with 
the trends toward high functionality and image quality in 2s 
VCRs and other video recording and reproducing appa- 
ratuses. 

Fig. 14a is a partially cut-away perspective view of 
a conventional magnetic head apparatus according to 
JP-A- No. 55-139630 wherein a head actuator 500 is 30 
provided on a head drum 501 . 

In the flying head helical scan VCR in which the 
head actuator shown in Fig. 14a is applied, a magnetic 
tape 502 is wound around the head drum 501 at a pre- 
determined angle, and recording tracks T (solid lines, 3S 
Fig. 14b) are formed on the magnetic tape 502 at an 
angle corresponding to the tape speed and the velocity 
of the flying heads. When playing back the magnetic sig- 
nal from the magnetic tape at a playback speed differing 
from the recording speed, as during still, slow motion, *o 
high speed, or reverse playback, the scanning path of 
the magnetic heads differs from the recording track. As 
a result, the magnetic heads scan a path offset from the 
recording tracks as shown by the dotted line in Fig. 14b, 
resulting in guard band noise, crosstalk, and other prob- *s 
lems. 

Flying head VCRs of this type therefore feature a 
tracking head actuator 500 enabling the magnetic heads 
to accurately trace the recording tracks in each of the 
variable speed playback modes. A typical head actuator so 
uses a bimorph plate as shown in Fig. 15. 

The structure and operating principle Qf this head 
actuator is described below with reference to Fig. 15. 
This bimorph plate 601 is mounted on the head base 
602 and comprises two piezoelectric ceramic bodies ss 
603a and 603b sandwiching a metal reinforcing plate 
604 that also functions as a middle electrode. 

The bimorph plate 601 comprising the head actua- 



tor is a cantilever structure as shown in Fig. 15 support- 
ed on just one end by the head base 602 or other solid 
member with the other end connected to the magnetic 
head 605. This bimorph plate 601 is manufactured by 
laminating the two piezoelectric ceramic bodies 603a 
and 603b through the metal reinforcing plate 604 in the 
fixed-end side 601 B of the bimorph plate 601, and di- 
rectly bonding the two piezoelectric ceramic bodies 
603a and 603b together with an adhesive on the mag- 
netic head 605 side 601 A. 

With the bimorph plate 601 thus constructed, the 
bimorph plate 601 is flexibly displaced in direction C 
(Fig. 15) by the electric field generated by a voltage ap- 
plied between the electrodes 606 and 607 on the outside 
surface of the piezoelectric ceramic bodies of the part 
601 B including the metal reinforcing plate 604, and 
drives part 601 A to displace in the same direction by the 
electric field generated by a voltage applied between the 
electrodes 608 and 609 provided on the piezoelectric 
ceramic bodies. 

The bimorph plate 601 is thus flexibly displaced by 
the electrodes 606 and 607 to change the position of the 
magnetic head 605 relative to the magnetic tape 610, 
and the bimorph plate 601 is extended in the direction 
of the magnetic tape 610 by electrodes 608 and 609 to 
maintain a constant gap between the magnetic tape 610 
and magnetic head 605 (specifically, a constant projec- 
tion of the magnetic head 605) and prevent a loss of the 
recording/playback signal due to magnetic head 605 
tracking by stabilizing the head-tape contact pressure. 

The problem of recording/playback signal deterio- 
ration caused by the relative angle of the magnetic head 
605 to the magnetic tape 610 is not, however, resolved. 

The head actuator shown in Japanese patent appli- 
cation number 57-60528 was proposed to resofve this 
problem. This head actuator is described below with ref- 
erence to Fig. 16. 

This head actuator comprises first, second, third, 
and fourth bimorph plates 701, 702, 704 and 705, two 
electro-mechanical conversion elements 703 and 706, 
a head support 707, and a magnetic head 708. In the 
first electro-mechanical conversion element 703, the 
first bimorph plates 701 are sandwiched between the 
two second bimorph plates 702 at the fixed end; in the 
second electro-mechanical conversion element 706, 
the third bimorph plates 704 are sandwiched between 
the two fourth bimorph plates 705 at the fixed end. The 
head support 707 has a U-shaped cross section con- 
necting the free ends of the first and second electro-me- 
chanical conversion element. The magnetic head 708 
is attached to the head support 707. 

. In this head actuator, an electric field is applied to 
the piezoelectric ceramic bodies of the first to fourth bi- 
morph plates to expand the piezoelectric ceramic bod- 
ies on side Sa and contract them on side Sb. To displace 
the actuator in the opposite directions, the applied elec- 
tric fields are reversed. The first and second electro-me- 
chanical conversion elements can thus be displaced in 
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the directions of arrow C in Fig. 16 by controlling the 
direction of the applied electric field. 

In general, the relationship between the displace- 
ment £ (equation (1 )) of the DC field and the resonance 
frequency f (equation (2)) of the bimorph plates in a one 
dimensional model in which a metal reinforcing plate 
(•elastic shim" hereinafter) is sandwiched between pie- 
zoelectric bodies can be expressed by equations (1 ) and 
(2) below. 



f = ± X (1.875) 2 X-!- X (12p 0 S 0 )" ,/2 



(2) 



wherein 



Po = lPiT + P< 1 -T ) ) 



and 



^o^ ( T )+ i^0 ,1 - ( T ),l1 "4 k -' 

1+2(-*)+<7> 
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where d 31 is the piezoelectric constant, D is the piezo- 
electric body length, t is the piezoelectric body thick- 
ness, t, is the elastic shim thickness, p is the density of 
the piezoelectric body, p, is the density of the elastic 
shim, S n is the elastic modulus of the piezoelectric 
body, St is the elastic modulus of the elastic shim, and 
k 31 is the coupling factor. From equations (1) and (2) 
above we know that the resonance frequency and dis- 
placement are inversely related as increasing one de- 
creases the other. 

In the head actuator shown in Fig. 16, however, the 
displacement obtained by the first and third bimorph 
plates 701 and 704 is increased by the second and 
fourth bimorph plates 702 and 705, and greater dis- 
placement can be achieved without lowering the reso- 
nance frequency of the electro-mechanical conversion 
element. 

Furthermore, the spacing angle between the mag- 
netic head 708 and magnetic tape 709 can be set to es- 
sentially zero, and deterioration of the recording/play- 
back signal can be greatly improved, because the mag- 
netic head 708 can be moved parallel to the magnetic 
tape 709 by means of the head support 707 connecting 



the first and second electro-mechanical conversion el- 
ements. 

The problem with this conventional head actuator, 
however, is that it is not possible to simultaneously tm- 

s prove the displacement and resonance frequency. 

In addition, because the piezoelectric bodies form- 
ing the bimorph element are fastened directly to the 
base or mounting frame, stress is concentrated in the 
fixed part of the piezoelectric bodies when the bimorph 

10 elements are driven, resulting in deteriorated perform- 
ance due to cracking and other factors. 

In addition, the position of the magnetic head rela- 
tive to the magnetic tape changes with time because the 
bimorph element is deformed, irrespective of the applied 

is strain, due to plastic deformation of the fixed end of the 
piezoelectric ceramic caused by the weight of the bimor- 
ph element, the mass of the magnetic head, and other 
factors. Detecting the position of the magnetic head with 
a strain gauge or other device is not possible, and pre- 

20 cise position control is difficult. 

In addition, it is difficult to uniformly bond the piezo- 
electric ceramic to the base, and wide variations in the 
resonance frequency and displacement can result due 
the bonding state and conditions. This makes it difficult 

25 to achieve stable characteristics. 

Therefore, an object of the present invention is to 
provide a piezoelectric actuator and head actuator for 
solving these problems. 

To achieve this object, a piezoelectric actuator ac- 

30 cording to the preamble of claim 1 is characterized by a 
base frame having a recess and a groove at the bottom 
of said recess for receiving said first end portion of said 
bimorph element and said first end portion of said shim, 
respectively, said recess having a size slightly greater 

3$ than the size of said first end portion of said bimorph 
element, and an elastic support member applied in a 
space between said recess and said first end portion of 
said bimorph element. 

A head actuator according to the present invention 

40 comprises a piezoelectric actuator thus comprised with 
a magnetic head mounted on the free end thereof. 

By applying this new construction wherein the pie- 
zoelectric bodies are flexibly supported on the base 
frame by firmly securing the elastic shim without directly 

45 securing the piezoelectric bodies to the base frame, the 
problem of stress concentration in the end of the piezo- 
electric body fixed to the base frame due to deformation 
of the bimorph element is eliminated. 

In addition, because the elastic shim, which is a me- 
sa tallic material ora carbon fiber material, is firmly secured 
to flexibly support the piezoelectric bodies on a flexible 
support member, stress concentration in the fixed end 
of the piezoelectric body can be relieved. The position 
of the magnetic head mounted on the free end of the 
55 piezoelectric actuator relative to the magnetic tape can 
also be assured with high precision within the range of 
elastic shim elastic deformation because the piezoelec- 
tric bodies are also positioned by the elastic shim. 
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Moreover, when the bimorph elements are operated 
with a DC field, the effective length of the bimorph ele- 
ment increases and greater displacement is obtained 
because the length from the firmly secured part of the 
elastic shim determines the displacement. Furthermore, 
a high resonance frequency piezoelectric actuator and 
head actuator can be achieved because the distance 
from the end of the piezoelectric body fixed by the flex- 
ible support member of the bimorph element to the free 
end of the piezoelectric body is the effective length of 
the bimorph element. 

By further providing a slit in the elastic shim, a high 
resonance frequency piezoelectric actuator and head 
actuator can be achieved by reducing the mass with vir- 
tually no reduction in the elastic modulus of the elastic 
shim. 

A piezoelectric actuator and head actuator achiev- 
ing both high displacement and a high resonance fre- 
quency can be achieved by securing the bimorph ele- 
ment with a curved fixing member because the maxi- 
mum length between the fixed and free ends is deter- 
mined by the displacement when a DC field is applied 
and the resonance frequency is determined by the 
shortest distance. 

The present invention will become more fully under- 
stood from the detailed description given below and the 
accompanying diagrams wherein: 



Fig. 12 is a cross sectional view of a head actuator 
showing an alternative configuration of the magnet- 
ic head support member, 

Figs. 1 3a, 1 3b and 1 3c are top plan views showing 
5 alternative configurations of bimorph elements us- 
able in the present invention, 
Figs. 1 4a and 1 4b are a partially cut-away perspec- 
tive view of the conventional magnetic head appa- 
ratus, and a diagram showing tracks recorded on a 
10 tape, respectively, 

Fig. 1 5 is a cross sectional view of a conventional 
head actuator, and 

Fig. 16 is a cross sectional view of another conven- 
tional head actuator. 

15 

First Embodiment 

The first embodiment of a head actuator according 
to the invention is described below with reference to the 
20 cross section diagram thereof shown in Fig. 1. 

As shown in Fig. 1, this head actuator apparatus 
comprises a bimorph element 104, which is formed by 
laminating a first piezoelectric body 101 to a second pi- 
ezoelectric body 1 02 with an elastic shim 1 03 interposed 
25 between the bodies 101 and 102, a base frame 105 to 
which the bimorph element 104 is fixed, a magnetic 
head support member 106 to which a magnetic head 
107 is fixed, an elastic support member 108, a signal 
processing circuit 109, drive circuit 110, and a magnetic 
head position detector 111. 

The first piezoelectric body 101 has opposite flat 
surfaces to which electrodes 101 a and 101b are depos- 
ited. Similarly, the second piezoelectric body 102 has 
electrodes 102a and 102b. The first and second piezo- 
electric bodies 101 and 102 are previously polarized in 
their thickness direction, as shown by arrows in Fig. 2b. 

The bimorph element 104 (i.e., a bimorph type pie- 
zoelectric actuator) is formed by sandwiching the elastic 
shim 103 between the first and second piezoelectric 
bodies 101, 102. The opposite surfaces of the elastic 
shim 103 are tightly attached to the facing bodies by a 
suitable adhesive. Since the length of the elastic shim 
103 is longer than the piezoelectric bodies 101, 102, a 
portion 103a of the elastic shim 103 extends outwardly 
from the bodies 101 and 102 and is inserted in the base 
frame 105. 

The elastic shim 103 is made of a material, such as 
phosphor bronze, elinvar, titanium or other metallic ma- 
terial, or a carbdn fiber material, with a high elastic mod- 
ulus in at least the direction parallel to the length of the 
bimorph element 104. 

The inserted portion 1 03a of the elastic shim 103 is 
firmly held by the base frame 105 by several screws 100 
(only one screw is shown in Fig. 1 ), or any other securing 
means. Preferably, the base frame 105 is formed by an 
upper block 105a and a lower block 105b which are also 
tightly fastened together as shown in Fig. 1 by the 
screws. The base frame 105 further has a recess 105c 



Fig. 1 is a cross sectional view of a head actuator 
according to the first embodiment of the present in- 30 
vention, 

Figs. 2a, 2b and 2c are diagrams for describing the 
operating principle of the first embodiment, 
Fig. 3 is a diagram showing an example of the drive 
circuit for the first embodiment, 35 
Figs. 4a and 4b are diagrams for describing a head 
actuator according to the second embodiment of 
the present invention, 

Figs. 5a and 5b are diagrams for describing a head 
actuator according to the third embodiment of the *o 
present invention, 

Figs. 6a, 6b and. 6c are diagrams showing the dis- 
placement of the bimorph element in the third em- 
bodiment, 

Fig. 7 is a cross sectional view of a head actuator *s 
according to the eighth embodiment of the present 
invention, 

Fig. 8 is a cross sectional view of a head actuator 
showing an alternative configuration of the magnet- 
ic head support member, so 
Fig. 9 is a cross sectional view of a head actuator 
according to the ninth embodiment of the present 
invention, 

Figs. 10a, 10b and 10c are diagrams for describing 
the operating principle of the ninth embodiment, ss 
Fig. 1 1 is a cross sectional view of a head actuator 
according to the tenth embodiment of the present 
invention, 
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for receiving an end portion of the bimorph element 1 04. 
Furthermore, at the bottom of the recess 1 05c, a groove 
105d is formed for receiving the inserted portion 103a. 
The size of the recess 105c is slightly greater than the 
size of the end portion of the bimorph element 104 so $ 
that the elastic support member 108, such as an epoxy 
adhesive, can be injected in a space between the recess 
105c and the end portion of the bimorph element 104. 
Thus, by the elastic support member 108, the bimorph 
element 104 may not be adversely affected, such as io 
scratched or pressured, by the edge of the recess. 

According to a preferred embodiment, the thickness 
of the elastic shim 103 is 50 to 500 u/n, the thickness of 
the bimorph element 104 is 150 to 1500 um, and the 
thickness of the elastic support member 108 is several w 
10 to 1000 fim. 

The magnetic head support member 1 06 is bonded 
with adhesive to the exposed surface of one of the pie- 
zoelectric bodies at the free end of the bimorph element 
104, and the magnetic head 107 is fixed to the end of 20 
the magnetic head support member 106 to form the 
head actuator. 

The strain corresponding to the displacement of the 
bimorph element 104 as shown in Fig. 1 is then meas- 
ured with a strain gauge of position detector 111 to de- 2s 
tect the position of the magnetic head 107. The output 
detection signal is input to the drive circuit 110 of the 
bimorph element 1 04 in a feedback loop to control track- 
ing. The signal reproduced from or to be recorded to the 
magnetic tape by the magnetic head 107 is processed 
by the signal processing circuit 109 for recording/repro- 
ducing. 

It is to be noted that while the elastic support mem- 
ber 108 in this first embodiment is an epoxy adhesive, 
any material with a lower elastic modulus than the pie- 
zoelectric bodies, such as hard rubber or plastic mate- 
rials, can be alternatively used. 

In addition, the position to which the magnetic head 
107 is installed shall not be limited to that described 
hereinabove. The magnetic head 107 can be fixed to 
the bottom surface of the magnetic head support mem- 
ber 106. Preferably, the magnetic head 107 should be 
located as close as to an imaginary plane including the 
elastic shim 103. 

Moreover, while the position detector 111 is de- 
scribed as a strain gauge above, it shall not be so limited 
and may be a means of directly detecting the displace- 
ment of the magnetic head using optical means, or any 
other means of detecting magnetic head displacement. 

The operating principle of this head actuator is de- 
scribed next with reference to Figs. 2a, 2b and 2c. As 
shown in Fig. 2b, the polarization .of both the iirst and 
second piezoelectric bodies 101, 102 are previously 
made towards the elastic shim 103 as indicated by the 
arrows. When an electric field is applied in the direction 
of the axis of polarization, i.e.. plus voltage to electrode 
1 01 a and minus voltage to electrode 1 02b, as shown in 
Fig. 2a, the piezoelectric bodies stretch in the direction 



of the polarization axis and therefore contract in the 
lengthwise direction of the piezoelectric bodies, result- 
ing in upward displacement as shown in Fig. 2a. When 
the electric field is applied in the opposite direction, as 
shown in Fig. 2c, the piezoelectric bodies are displaced 
in the opposite direction. 

Thus, by applying an electric field between the elec- 
trodes 101 a and 101b and between the electrodes 102a 
and 102b, the bimorph element 104 can be displaced 
up or down in the direction of arrow C according to the 
polarity of the applied electric field. However, because 
piezoelectric bodies have a coercive-field, the field 
strength at which the piezoelectric effect is lost in a pi- 
ezoelectric body, the above drive method is generally 
not used. A drive circuit 1 1 0 for the bimorph element 1 04 
as shown inside the dotted line portion of Fig. 3 is more 
commonly used in a single-side drive method applying 
the electric field only in the polarization direction, or di- 
odes 1 1 2 are provided so that an electric field is applied 
to drive both the first and second piezoelectric bodies 
101, 102 up to the limit of the anti-field strength, after 
which the electric field is applied to drive only one side 
of the bimorph element 104. 

By the first embodiment, a large displacement can 
be obtained because flexible deformation to the stress 
limit of the piezoelectric bodies forming the bimorph el- 
ement 104 is possible because the concentration of 
stress caused by deformation of the bimorph element 
104 at the fixed end of the piezoelectric bodies and the 
base frame can be alleviated by elasticalfy holding part 
of the first and second piezoelectric bodies 101, 102 of 
the bimorph element 104 using an adhesive or other 
elastic support member 1 08 rather than fixing the first 
and second piezoelectric bodies 101 , 102 solidly to the 
base frame 105, and solidly securing the inserted por- 
tion 1 03a of the elastic shim 1 03 to the base frame 1 05. 
In addition, because cracks in the piezoelectric body 
due to stress concentration do not develop, reliable, 
high performance head actuators with minimal variation 
in characteristics can be achieved. 

Furthermore, by eliminating the sag, which results 
from stress applied by the head mass and inherent 
weight of the piezoelectric bodies acting on the end of 
the piezoelectric bodies in the conventional configura- 
tion and is distinct from the strain of the bimorph element 
resulting from plastic deformation of the fixed end of the 
piezoelectric ceramic, in the bimorph element by firmly 
securing the fixed part 103a of the elastic shim, the po- 
sition of the magnetic head to the magnetic tape can be 
maintained with high precision. 

In addition, when the operating frequency is lower 
than the resonance frequency of the bimorph element, 
as occurs during tracking control, control of the bimorph 
element can be treated as a DC operation. The distance 
from the solidly fixed end to the free end of the bimorph 
element therefore becomes the effective element length 
D n with respect to displacement, and displacement can 
be increased according to equation (1). In addition, the 
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effective element length 0 2 with respect to the reso- 
nance frequency is the distance from the fixed end of 
the flexible support to the free end, and the resonance 
frequency can be increased. It is therefore possible to 
achieve a head actuator in which inversely related char- 
acteristics, specifically displacement and resonance fre- 
quency, can both be improved. 

Second Embodiment 

The second embodiment of a head actuator accord- 
ing to the invention is described below with reference to 
the cross section diagram thereof shown in Fig. 4a. 

As shown in Fig. 4a, the head actuator apparatus 
comprises a bimorph element 204, which is formed by 
laminating a first piezoelectric body 201 to a second pi- 
ezoelectric body 202 with an elastic shim 203, a base 
frame 205 to which the bimorph element 204 is fixed, a 
magnetic head support member 206 to which the mag- 
netic head 207 is fixed, a signal processing circuit 209, 
drive circuit 210, and a magnetic head position detector 
21 1 . According to the second embodiment, as shown in 
Fig. 4b, the elastic shim 203 has, when viewed from a 
top, plural slits 208 extending in a direction A. 

In this embodiment bimorph element 204 is directly 
fastened to the base frame 205, but can be held in the 
base frame 205 in a manner similar to that described in 
the first embodiment as shown in Fig. 1 . The magnetic 
head support member 206 is bonded with adhesive to 
the exposed surface of one of the piezoelectric bodies 
at the free end of the bimorph element 204, and the mag- 
netic head 207 is fixed to the end of the magnetic head 
support member 206 to form the head actuator. 

The operating principle of this head actuator is iden- 
tical to that of the first embodiment described above. 

By thus providing uniform plural slits 208 in direction 
A of the elastic shim 203, the mass p t of the elastic shim 
203 can be reduced with virtually no change in the elas- 
tic modulus s-,, and the resonance frequency can be in- 
creased as shown in equation (2). 

In addition, by forming the slits 208, the mechanical 
strength of the elastic shim 203 perpendicular to the di- 
rection A of the slits is less than the mechanical strength 
parallel to the direction of the slits. Deformation occur- 
ring widthwise and inhibiting deformation along the 
length of the bimorph element can be reduced, and dis- 
placement of the bimorph element can thus be in- 
creased. 

Thus, a high performance head actuator can be 
achieved such that inversely related characteristics, 
specifically displacement and resonance frequency, can 
both be greatly improved. 

In addition, by forming slits 208 in the elastic shim 
203, residual air pockets at the adhesion surface can be 
eliminated for improving adhesion strength, the drive 
force of the bimorph element is not dissipated by air bub- 
bles, and both "reliability and characteristics can be im- 
proved. 



It is to be noted that the slits are formed in direction 
A (Fig. 4b) parallel to the length of the bimorph element 
in this embodiment, but the same effect is obtained 
when the slits are formed in a radial pattern. 

s In addition, while the second embodiment has been 
described as greatly improving both displacement and 
resonance frequency characteristics simultaneously, if 
the objective is to simply improve the displacement 
characteristic, it will be obvious that this can be achieved 

w by providing the slits perpendicular to the length of the 
bimorph element, i.e., perpendicular to direction A. 

Third Embodiment 

is The third embodiment of a head actuator according 
to the invention is described below with reference to 
Figs. 5a and 5b. 

As shown in Fig. 5a,' the head actuator apparatus 
comprises a bimorph element 304, which is formed by 

20 laminating a first piezoelectric body 301 to a second pi- 
ezoelectric body 302 with an elastic shim 303 interposed 
therebetween, a base frame 305 to which the bimorph 
element 304 is fixed, a magnetic head support member 
306 to which the magnetic head 307 is fixed, a signal 

25 processing circuit 308, drive circuit 309, and a magnetic 
head position detector 310. 

According to the third embodiment, the upper and 
lower blocks 305a and 305b of the base frame 305 are 
provided with lip portions 305c and 305d, respectively, 

30 extending outwardly from the front face of the blocks. 
As shown in Fig. 5b, the lip portion 305d has a half el- 
lipse configuration with its two focuses 01 and 02 lo- 
cated on the front face of the block. 

The bimorph element 304 is formed by attaching the 

35 first and second piezoelectric bodies 301 , 302 to oppo- 
site sides of the elastic shim 303 by means of adhesive. 
The elastic shim 303 is made of a material, such as 
phosphor bronze, elinvar, titanium or other metallic ma- 
terial, or a carbon fiber material. This bimorph element 

40 304 is directly fastened to the base frame 305 at the 
curved member thereof. 

In this embodiment bimorph element 304 is directly 
fastened to the base frame 305, but can be held in the 
base frame 305 in a manner similar to that described in 

45 the first embodiment as shown in Fig. 1 . The magnetic 
head support member 306 is bonded with adhesive to 
the exposed surface of one of the piezoelectric bodies 
at the free end of the bimorph element 304, and the mag- 
netic head 307 is fixed to the end of the magnetic head 

50 support member 306 to form the head actuator. 

The operating principle of this head actuator is iden- 
tical to that of the first and second embodiments de- 
scribed above. 

By the third embodiment, the overall bimorph ele- 

55 ment 304 deforms, in response to the applied voltage, 
in a manner similar to a human tongue such that the 
bimorph element 304 flexibly deforms when viewed 
from front (Fig. 6b) in direction B and when viewed from 
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side (Fig. 6a) in direction A. The bimorph element 304 
will deform in the opposite directions when opposite volt- 
age is applied. 

Thus, by supporting the bimorph element 304 on a 
base frame 305 with a curved edge conforming to this 
contour displacement distribution 311, the greatest 
length of the bimorph element is effective element 
length D lt which is the same as when a straight-edged 
base frame is used, and bimorph element displacement 
is the same. The distance from the curved edge to the 
free end of the bimorph element is effective element 
length D 2 » however, and a bimorph element with a high 
resonance frequency and equal displacement can thus 
be achieved. 

In addition, twisting across the width of the bimorph 
element, which.is caused by the bimorph element 304 
being non-uniformly secured widthwise to the curved 
base frame, can be corrected by controlling the shape 
of bimorph element 304 deformation, and variations in 
the position of the magnetic head can thus be eliminat- 
ed. 

As described above, a high performance head ac- 
tuator whereby a high resonance frequency is obtained 
without reducing displacement can be achieved by se- 
curing the bimorph element to a curved base frame. 

It is to be noted that while the bimorph element 304 
is supported by a curved base frame above, the shape 
of this curve shall not be limited to that shown and any 
other semi-elliptical curve can also be used. It is prefer- 
able, however, for the shape of this curve to correspond 
to the displacement distribution curve of the bimorph el- 
ement. 

Fourth-Seventh Embodiments 

The fourth through seventh embodiments of the in- 
vention achieved by combining the above embodiments 
are described below. 

The head actuator in the fourth embodiment is 
achieved by providing slits in the elastic shim of the head 
actuator of the first embodiment. Other physical charac- 
teristics of this embodiment are the same as those of 
the first embodiment. 

By means of this configuration, the effects of the first 
and second embodiments are combined, obtaining a 
high performance head actuator featuring high reliability 
with further improvement in both displacement and res- 
onance frequency characteristics. 

. The head actuator in the fifth embodiment is 
achieved by providing a curve to the base frame of the 
head actuator in the first embodiment. Other physical 
characteristics of this embodiment are the same as 
those of the first embodiment. 

The head actuator of the sixth embodiment is iden- 
tical to that of the fifth embodiment, but is characterized 
by providing a curve to the base frame of the head ac- 
tuator in the second embodiment. Other physical char- 
acteristics of this embodiment are the same as those of 



the second embodiment 

The effects described in the first or second embod- 
iments above are combined with those of the third em- 
bodiment in both the fifth and sixth embodiments, thus 

5 achieving high stability and reliability in the bimorph el- 
ement and achieving a head actuator in which the in- 
versely related characteristics of displacement and res- 
onance frequency are both further improved. 

The head actuator of the seventh embodiment adds 

10 slits to the elastic shim of the head actuator in the first 
embodiment, and provides a curve to the base frame. 
Other aspects of the construction are identical to those 
of the first embodiment. 

The effects described in the first/second, and third 

is embodiments above are combined by means of the sev- 
enth embodiment, thus achieving high stability and reli- 
ability in the bimorph element and achieving a head ac- 
tuator in which the inversely related characteristics of 
displacement and resonance frequency are both further 

20 improved. 

Eighth Embodiment 

The eighth embodiment of a head actuator accord- 

25 ing to the invention is described below with reference to 
the cross section diagram thereof shown in Fig. 7. 

As shown in Fig. 7, the head actuator apparatus of 
the eighth embodiment is a modification of the head ac- 
tuator described in the first embodiment by providing an 

30 extending portion 1 03b which is an extending portion of 
the elastic shim 103 at the tree end, or front end, of the 
bimorph element 104 out beyond the first and second 
piezoelectric bodies 101, 102. The magnetic head sup- 
port member 106 is bonded with adhesive to this ex- 

35 tending portion 1 03b and the exposed surface of one of 
the piezoelectric bodies at the free end of the bimorph 
element 1 04. and the magnetic head 1 07 is fixed to the 
end of the magnetic head support member 106 to form 
the head actuator. Other aspects of the configuration of 

40 the eighth embodiment are identical to those of the first 
embodiment above. 

In this configuration, however, it is necessary to 
keep the magnetic head support member 106 electrical- 
ly insulated from the piezoelectric bodies and the elastic 

45 shim, and to reduce the load on the bimorph element 
104. The magnetic head support member 106 is there- 
fore made from a plastic or other insulation material with 
a low specific gravity. If a carbon fiber or other conduc- 
tive material is used, however, it is still necessary to 

so maintain electrical insulation by eliminating the elec- 
trodes from the adhesion surface of the piezoelectric 
. bodies. 

The same effects obtained with the first embodi- 
ment are also achieved by means of this eighth embod- 
55 iment. Reliability with respect to repeated expansion 
and contraction in the adhesion area, which is caused 
by deformation when driving the bimorph element, is al- 
so improved by using an elastic, shim 103 in which ad- 
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hesion characteristics have been optimized and adhe- 
sion strength increased. These improved elastic shim 
103 characteristics are achieved by increasing the ad- 
hesion area by bonding the magnetic head support 
member 106 to both the extending portion 103b of the 
elastic shim 103 and the piezoelectric body, thus com- 
pensating for unstable adhesion strength between the 
magnetic head support member 106 and the piezoelec- 
tric bodies of the bimorph element 104 in the first em- 
bodiment. 

Changes in the head actuator length resulting from 
variations in the adhesion location when mounting the 
magnetic head support member 106 to the piezoelectric 
body can be minimized because the magnetic head sup- 
port member 106 can be accurately positioned by the 
piezoelectric body and the extending portion 103b, thus 
simplifying adjustment of the magnetic head 107 instal- 
lation. 

It will be obvious that the magnetic head support 
member 113 where bonded to the piezoelectric bodies 
of the bimorph element can also be constructed as 
shown in Fig. 8. In addition, the position of the magnetic 
head 1 07 and the shape of the magnetic head support 
member 113 where attached to the bimorph element 
shall not be limited to the above. 

It will also be obvious that this eighth embodiment 
can also be adapted to the second through seventh em- 
bodiments above. 

Ninth Embodiment 

The ninth embodiment of a head actuator according 
to the invention is described below with reference to the 
cross section diagram thereof shown in Fig. 9. 

As shown in Fig. 9, the ninth embodiment uses two 
bimorph elements, each bimorph element being similar 
to the one described above in the first embodiment. 
These bimorph elements are assembled parallel to each 
other with the free ends thereof connected by the mag- 
netic head support member, on which the magnetic 
head is provided. Significant benefits unattainable with 
the first embodiment above can be achieved by the ninth 
embodiment. 

Referring to Fig. 9, the head actuator apparatus 
comprises a first bimorph element 404, which is formed 
by laminating a first piezoelectric body 401 to a second 
piezoelectric body 402 with a first elastic shim 403 in- 
terposed therebetween, a second bimorph element 408, 
which is formed by laminating a third piezoelectric body 
405 to a fourth piezoelectric body 406 with a second 
elastic shim 407 interposed therebetween, a base frame 
409 to which the first and second bimorph elements are 
fixed, a magnetic head support member 410 connecting 
the first and second bimorph elements, a magnetic head 
41 1 , a flexible support member 41 2, a signal processing 
circuit 413, drive circuit 414, and a magnetic head posi- 
tion detector. 4 15. 

The first bimorph element 404"is formed by attach- 



ing the first and second piezoelectric bodies 401 and 
402 to both sides of the first elastic shim 403 by adhe- 
sive, except at the inserted portion 403a thereof. Simi- 
larly, the second bimorph element 408 is formed by at- 
s taching the third and fourth piezoelectric bodies 405 and 
406 to both sides of the second elastic shim 407 by ad- 
hesive, except at the inserted portion 407a thereof. 

The elastic shims 403 and 407 are made of a ma- 
terial, such as phosphor bronze, elinvar, titanium or oth- 

10 or metallic material, or a carbon fiber material, with a 
high elastic modulus in at least the deformation direc- 
tion. A predetermined gap is provided between the in- 
serted portions 403a and 407a of the first and second 
elastic shims 403 and 407 of first and second bimorph 

is elements 404 and 408, respectively. The first and sec- 
ond elastic shims 403 and 407 are sandwiched in the 
base frame 409 and secured by a screw or other means 
so that the elastic shims are parallel to each other. The 
piezoelectric bodies and elastic shim are elastically sup- 

20 ported and fastened using an epoxy adhesive or similar 
flexible support member 412 to the inside of the base 
frame 409 at the free end side of the fixed end of the 
first and second elastic shims 403 and 407 of first and 
second bimorph elements 404 and 408 as shown in Fig. 

25 9. 

The free ends of the first and second bimorph ele- 
ments 404 and 408 are connected parallel to each other 
by bonding the magnetic head support member 410 to 
one piezoelectric body of each bimorph element. The 

30 magnetic head 411 is mounted to the end of the mag- 
netic head support member 410. 

It is to be noted that while the flexible support mem- 
bers 412 in this embodiment are made with an epoxy 
adhesive, any material with a lower elastic modulus than 

35 the piezoelectric bodies, including hard rubber or plastic 
materials, can be alternatively used. 

In addition, the position to which the magnetic head 
411 is installed shall not be limited to that described 
hereinabove. The magnetic head 41 1 can be fixed to the 

40 top of the magnetic head support member 410, but is 
preferably located in line with the center of the first and 
second bimorph elements 404 and 408. 

The operating principle of this head actuator is de- 
scribed next with reference to the illustrations in Figs. 

45 10a, 10b and 10c. The basic operating principle is the 
same as that described above with reference to Figs. 
2a, 2b and 2c, and only the new operation achieved with 
the ninth embodiment is described below 

The arms 41 0a and 41 0b of the magnetic head sup- 

50 port member 410 provided to connect the free ends of 
the first and second bimorph elements 404 and 408 are 
curved in the same manner when the first and second. - 
bimorph elements are deformed. As a result, the mag- 
netic head 41 1 travels parallel to the magnetic tape 416. 

55 Asa result, the spacing angle between the magnetic 
head 411 and the magnetic tape 416 is approximately 
zero,- and deterioration due to flux leakage of the record- 
ing and playback signals can be prevented. 
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By constructing the inserted portions of the bimorph 
elements according to this embodiment, the same ef- 
fects obtained with the first embodiment are obtained. 
By additionally connecting two bimorph elements in par- 
allel by means of the magnetic head support member, 
the spacing angle between the magnetic head and mag- 
netic tape can is approximately zero. Deterioration of the 
recording and playback signals can thus be prevented, 
and a head actuator with higher performance and image 
quality can be achieved. 

In addition, by holding the two bimorph elements 
parallel to each other, the inherent head weight and oth- 
er static loads can be distributed. This minimizes the 
drop in the resonance frequency caused by the load 
mass, and achieves a head actuator with strong load 
resistance. 

Tenth Embodiment 

The tenth embodiment of a head actuator according 
to the invention is described be tow with reference to the 
cross section diagram thereof shown in Fig. 11 . 

As shown in Fig. 1 1 1 the head actuator apparatus is 
a modification of the head actuator described in the ninth 
embodiment above by providing extending portions 
403b and 407b on the free ends of the first and second 
bimorph elements 404 and 408, respectively, by extend- 
ing the first and second elastic shims 403 and 407 out 
beyond the first and second and third and fourth piezo- 
electric bodies 401 , 402, 405, 406. The magnetic head 
support member 106 is bonded with adhesive to the ex- 
tending portions 403b, 407b and the exposed surface 
of one of the piezoelectric bodies at the free end of the 
first and second bimorph elements 404, 408. The mag- 
netic head 411 is fixed to the end of the magnetic head 
support member 410 to form the head actuator. Other 
aspects of the configuration of this embodiment are 
identical to those of the ninth embodiment described 
above. 

The same effects obtained with the ninth embodi- 
ment are also achieved by this tenth embodiment. Re- 
liability with respect to repeated expansion and contrac- 
tion in the adhesion area, which is caused by deforma- 
tion when driving the bimorph elements, is also im- 
proved by using elastic shims in which adhesion char- 
acteristics have been optimized and adhesion strength 
increased. These improved elastic shim characteristics 
are achieved by increasing the adhesion area by bond- 
ing the magnetic head support member 410 to the ex- 
tending portions 403b and 407b of both first and second 
elastic shims 403 and 407, respectively, and the piezo- 
electric bodies of the first and second bimorph elements 
404 and 408, thus compensating for unstable adhesion 
strength between the magnetic head support member 
and the piezoelectric bodies of the first and second bi- 
morph elements 404, 408 in the ninth embodiment. 

Changes in the head actuator length resulting from 
variations in the adhesion location when mounting the 



magnetic head support member to the piezoelectric 
bodies can be minimized because the magnetic head 
support member can be accurately positioned by the pi- 
ezoelectric bodies and the elastic shim extending por- 
s tions, thus simplifying adjustment of the magnetic head 
installation. 

In addition, by providing the magnetic head support 
member on the elastic shims near the plane of neutral 
deformation in the bimorph elements, differences in the 

io deformation direction of the head actuator in the gap to 
the magnetic tape fprojection' below) during magnetic 
head tracking control can be eliminated and equalized, 
and the absolute value of this projection can be reduced. 
It is therefore possible to greatly improve the deteriora- 

15 tion in the recording/playback signal resulting from the 
position of the magnetic head to the magnetic tape. 

It will be obvious that the magnetic head support 
member 417 bonded to the piezoelectric bodies of the 
bimorph elements can be constructed as shown in Fig. 

20 1 2, so that the magnetic head 41 1 is located in line with 
the center of the first and second bimorph elements 404 
and 408. In addition, the position of the magnetic head 
411 and the shape of the magnetic head support mem- 
ber where attached to the bimorph elements shall not 

25 be limited to the above. 

It is to be noted that the ninth and tenth embodi- 
ments above can also be adapted to the second through 
eight embodiments above, thereby enhancing the ben- 
efits achieved by the respective embodiments. 

30 Furthermore, it will be obvious that bimorph element 
in which the width of the fixed end is greater than the 
width of the free end as shown by way of examples in 
Figs. 1 3a, 1 3b and 1 3c can also be used for the bimorph 
element in the first through tenth embodiments above. 

35 In Figs. 13a, 13b and 13c, circle holes are shown for 
receiving the screws. Using bimorph elements of this 
type further improves the resonance frequency charac- 
teristic by reducing the free end mass, and greatly in- 
creases the displacement because bending rigidity de- 

40 creases closer to the free end, thus achieving a head 
actuator with even higher performance. 

A high reliability, high positioning precision piezoe- 
lectric actuator and head actuator can be achieved by 
the present invention because the concentration of 

45 stress in the fixed end of the piezoelectric bodies at the 
base frame can be prevented when driving the bimorph 
elements by not directly fastening the piezoelectric bod- 
ies to the base frame, elastically supporting the piezoe- 
lectric bodies by means of a flexible support member, 

so and firmly fastening the elastic shims to the base frame. 
Because the elastic shims are firmly secured, deforma- 
tion unrelated to piezoelectric body. strain can also be 
prevented. 

In addition, a high reliability, high performance head 
55 actuator featuring good tracking response, variable 
speed, noiseless playback over a wide tape speed 
range, and improved displacement and resonance fre- 
quency, characteristics which are generally inversely re- 
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lated, can be achieved by providing a construction in 
which the effective element length can be increased dur- 
ing DC operation and the effective element length with 
respect to the resonance frequency is the distance from 
the fixed end of the flexible support to the free end by 
providing a flexible support member at the fixed part of 
the birnorph elements; by providing a construction in 
which the resonance frequency can be improved by ef- 
fectively reducing the total mass without reducing the 
elastic modulus by providing slits in the elastic shim; or 
by providing a construction in which the effective ele- 
ment length with respect to displacement can be in- 
creased and the effective element length with respect 
to resonance frequency can be decreased by providing 
a curve in the base frame. 



Claims 

1 . A piezoelectric actuator comprising: 

a birnorph element (104; 404) comprising first 
and second piezoelectric bodies (101, 102; 
401, 402) each polarized in a thickness direc- 
tion, and an elastic shim (1 03; 403) sandwiched 
between said first and second piezoelectric 
bodies, said shim having a length longer than 
said first and second piezoelectric bodies so 
that a first end portion (103a; 403a) extends 
outwardly from said first and second piezoelec- 
tric bodies, and electrodes (101a, 102b) depos- 
ited on surfaces of said piezoelectric bodies re- 
mote from the surface facing said shim (103; 
403), said birnorph element (104; 404) having 
a first end portion where said first end portion 
(103a; 403a) of said shim extends and a sec- 
ond end portion remote from said first end por- 
tion; 



element (104; 404); and 

a magnetic head (1 07; 41 1 ) connected to said 

magnetic head support member (106; 410). 

5 3. A piezoelectric actuator according to Claim 1 or 2, 
wherein said shim (103) is formed with a plurality of 
slits (208). 

4. A piezoelectric actuator according to Claim 1 , 2 or 
10 3, wherein said base frame (1 05) has first and sec- 
ond lip portions (305c, 305d) each having a half el- 
lipse configuration and extending outwardly from 
the base frame for holding said birnorph element 
(104) between said first and second lip portions 

is (305c, 305d). 

5. A piezoelectric head actuator according to Claim 2, 
wherein said shim (103) has a second end portion 
(103b) extending outwardly from said first and sec- 
ond piezoelectric bodies so that said magnetic head 
support member (106) is seated on said second end 
portion (103b). 

6. A piezoelectric actuator according to Claim 1 or 2, 
wherein said birnorph element (104) has a width 
wide at said first end portion and narrow at said sec- 
ond end portion. 

7. A piezoelectric actuator according to Claim 1 or 2, 
further comprising a driving circuit (110) for driving 
said birnorph element (104). 



8. A piezoelectric head actuator according to Claim 2, 
characterized by 

35 

a second birnorph element (408) comprising 
third and fourth piezoelectric bodies (405, 406) 
each polarized in a thickness direction, and a 
second elastic shim (407) sandwiched between 

40 said third and fourth piezoelectric bodies, said 

shim having a length longer than said third and 
fourth piezoelectric bodies so that a first end 
portion (407a) extends outwardly from said 
third and fourth piezoelectric bodies, and elec- 

45 trodes deposited on surfaces of said piezoelec- 

tric bodies remote from the surface facing said 
shim (407), said second birnorph element (408) 
having a first end portion where said first end 
portion (407a) of said shim extends and a sec- 

50 ond end portion remote from said first end por- 

.' tion; 

. the base frame (409) having first and second 
recesses and grooves at the bottom of said re- 
cesses, respectively, said first recess and said 
55 first (groove receiving said first end portion of 

said first birnorph element (404) and said first 
end portion (403a) of said shim, respectively, 
and said second recess and said second 



20 



characterized by 

a base frame (105; 409) having a recess (105c) 
and a groove (105d) at the bottom of said re- 
cess for receiving said first end portion of said 
birnorph element (104; 404) and said first end 
portion (103a; 403a) of said shim, respectively, 
said recess having a size slightly greater than 
the size of said first end portion of said birnorph 
. element (104; 404); and 
an elastic support member (108; 412) applied 
in a space between said recess and said first 
end portion of said birnorph element (1 04; 404). 

2. A piezoelectric actuator according to claim 1 , char- 
acterized by 

a magnetic head support member (106) con- 
nected to q second end portion of said birnorph 



10 



19 



EP 0 591 885 B1 



20 



groove receiving said first end portion of said 
second bimorph element (408) and said first 
end portion (407a) of said shim, respectively, 
each of said recesses having a size slightly, 
greater than the size of said first end portion of s 
said respective bimorph element (104); 
the first elastic support member (412) being ap- 
plied in a space between said first recess and 
said first end portion of said first bimorph ele- 
ment (404); w 
a second elastic support member (41 2) applied 
in a space between said second recess and 
said first end portion of said second bimorph 
element (408); 

the magnetic head support member (410) be- is 
ing connected to second end portions of said 
first and second bimorph elements (404, 408). 

9. A piezoelectric head actuator according to Claim 8, 
wherein each of said first and second shims (403, 20 
407) is formed with a plurality of slits (208). 

1 0. A piezoelectric head actuator according to C laim 8, 
wherein said base frame (409) has for each recess 
first and second lip portions (305c, 305d) each hav- 2s 
ing a half ellipse configuration and extending out- 
wardly from the base frame for holding correspond- 
ing bimorph element between said first and second 

lip portions (305c, 305d). 

30 

11 . A piezoelectric head actuator according to Claim 9, 
wherein said base frame (409) has for each recess 
first and second lip portions (305c, 305d) each hav- 

. ing a half ellipse configuration and extending out- 
wardly from the base f rame for holding correspond- 35 
ing bimorph element between said first and second 
lip portions (305c, 305d). 

12. A piezoelectric head actuator according to Claim 8, 
wherein each of said first and second shims (403, <o 
407) has a second end portion (403b, 407b) extend- 
ing outwardly from said first and second piezoelec- 
tric bodies so that said magnetic head support 
member (410) is seated on said second end portion 
(403b, 407b). 45 

1 3. A piezoelectric head actuator according to Claim 8, 
wherein said bimorph elements (404, 408) have a 
width wide at said first end portion and narrow at 
said second end portion. 50 

14. A piezoelectric head actuator according toClaim 8, 
further comprising a driving circuit (414) for driving 
said bimorph elements (404, 408). 

55 

15. A piezoelectric head actuator according to Claim 2 
or 8, further comprising a signal processing circuit 
(109; 413) connected to said magnetic head (107; 



411). 



PatentansprOche 

1 . Piezoelektrisches Betatigungsglied mit 

einem bimorphen Element (1 04; 404). das einen er- 
sten und einen zweiten piezoelektrischen Korper 
(101 , 102; 401 . 402), von denen jeder in Dickenrich- 
tung polarisiert ist, etne elastische Zwischenlage 
(103; 403) zwischen den beiden piezoelektrischen 
Kdrpem, wobei die Zwischenlage langer ist als die 
beiden piezoelektrischen Korper, so daQ ein erster 
Endabschnitt (103a; 403a) sich von den piezoelek- 
trischen Korpern nach auBen erstreckt, und Elek- 
troden (101a, 102b) aufweist, die auf den der Zwi- 
schenlage (103; 403) abgewandten Fiachen der 
piezoelektrischen Korper aufgebracht sind. wobei 
das bimorphe Element (1 04; 404) einen ersten End- 
abschnitt aufweist, in dem der erste Endabschnitt 
(1 03a; 403a) der Zwischenlage sich nach auBen er- 
streckt, und einen zweiten, vom ersten Endab- 
schnitt entfemten Endabschnitt aufweist; 
gekennzeichnet durch 

einen Basisblock (105; 409) mit einer Ausspa- 
rung (105c) und einer Nut (105d) am Boden der 
Aussparung zur Aufnahme des ersten Endab- 
schnittes des bimorphen Elements (104; 404) 
bzw. des ersten Endabschnittes (103a; 403a) 
der Zwischenlage, wobei die Aussparung eine 
GroBe hat, die geringf ugig groBer als die GroBe 
des ersten Endabschnittes des bimorphen Ele- 
ments (104; 404) ist; und 
ein elastisches Halteglied (108; 412), das in 
dem Zwischenraum zwischen der Aussparung 
und dem ersten Endabschnitt des bimorphen 
Elements (104; 404) angeordnet ist. 

2. Piezoelektrisches Betatigungsglied nach Anspruch 
1, 

gekennzeichnet durch ein Magnetkopf-Aufnahme- 
glied (106), das mit einem zweiten Endabschnitt 
des bimorphen Elements (104; 404) verbunden ist; 
und 

einen Magnetkopf (107; 411 ), der mit dem Magnet- 
kopf-Aufnahmegiied (106; 410) verbunden ist. 

3. Piezoelektrisches Betatigungsglied nach Anspruch 
1 Oder 2, 

bei dem die Zwischenlage (103) mit einer Mehrzahl 
von Schlitzen (208) versehen ist. 

4. Piezoelektrisches Betatigungsglied nach einem der 
Anspruche 1 , 2 oder 3, 

bei dem der Basisblock (1 05) erste und zweite halb- 
ellipsenformige Vorsprunge (305c, 305d) aufweist, 
die sich vom Basisblock nachauBen erstrecken und 
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das bimorphe Element (104) zwischen sich haltem. 

5. Piezoelektrisches Kopfbetatigungsglied nach An- 
spruch 2, 

bei dem die Zwischenlage (1 03) einen zwelten End- 
abschnltt (103b) aufweist. der sich von den piezo- 
elektrischen Korpern derart nach auGen erstreckt, 
daG das Magnetkopf-Aufnahmeglied (106) auf dem 
zweiten Endabschnitt (103b) gehaltert ist 

6. Piezoelektrisches Betatigungsglied nach Anspruch 
1 Oder 2, 

bei dem das bimorphe Element (104) erne Breite 
hat, die am ersten Endabschnitt groG und am zwei- 
ten Endabschnitt schmal ist. 

7. Piezoelektrisches Betatigungsglied nach Anspruch 
1 oder 2, 

weiter gekennzeichnet durch eine Treiberschattung 
(110) zum Ansteuem des bimorphen Elements 
(104), 

8. Piezoelektrisches Kopfbetatigungsglied nach An- 
spruch 2, 

dadurch gekennzeichnet daG ein zweites bimor- 
phes Element (408) vorgesehen ist, das einen drit- 
ten und einen vierten piezoelektrischen Korper 
(405, 406), von denen jeder in Dickenrichtung po- 
larisiert ist, eine zweite elastiche Zwischenlage 
(407) zwischem dem dritten und dem vierten piezo- 
elektrischen Korper, wobei die Zwischenlage langer 
ist als der dritte und der vierte piezoelektrische Kor- 
per, so daG ein erster Endabschnitt (407a) sich von 
dem dritten und dem vierten piezoelektrischen Kor- 
per nach auGen erstreckt, und Elektroden aufweist, 
die auf den der Zwischenlage (407) abgewandten 
Flachen der piezoelektrischen Korper aufgebracht 
sind, wobei das bimorphe Element (408) einen er- 
sten Endabschnitt aufweist, in dem der erste End- 
abschnitt (407a) der Zwischenlage sich nach auGen 
erstreckt, und einen zweiten, vom ersten Endab- 
schnitt entfernten Endabschnitt aufweist; 

daG der Basisblock (409) eine erste und eine 
zweite Aussparung sowie Nuten am Boden der 
Aussparungen aufweist und die erste Ausspa- 
rung und die erste Nut den ersten Endabschnitt 
des ersten bimorphen Elements (404) bzw. den 
ersten Endabschnitt (403a) der Zwischenlage 
aufnehmen, wahrend die zweite Aussparung 
und die zweite Nut den ersten Endabschnitt des 
zweiten bimorphen Elements (408) bzw. den 
ersten Endabschnitt (407a) der Zwischenlage 
aufnehmen, wobei jede der Aussparungen eine 
groGe Nut, die geringf ugig groGer als die G roGe 
des ersten Endabschnitts des entsprechenden 
bimorphen Elements (104) ist; 
daG das erste elastische Halfeglied (412) in 
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dem Zwischenraum zwischen der ersten Aus- 
sparung und dem ersten Endabschnitt des er- 
sten bimaorphen Elements (404) angeordnet 
ist; 

daG ein zweites elastisches Harteglied (412) in 
dem Zwischenraum zwischen der zweiten Aus- 
sparung und dem ersten Endabschnitt des 
zweiten bimorphen Elements (408) angeordnet 
ist; und 

daG das Magnetkopf-Aufnahmeglied (410) mit 
den zweiten Endabschnitten des ersten und 
des zweiten bimorphen Elements (404, 408) 
verbunden ist. 

Piezoelektrisches Kopfbetatigungsglied nach An- 
spruch 8, 

bei dem jede der Zwischenlagen (403, 407) mit ei- 
ner Mehrzahl von Schlitzen (208) versehen ist. 

20 10. Piezoelektrisches Kopfbetatigungsglied nach An- 
spruch 8, 

bei dem der Basisblock (409) fur jede der Ausspa- 
rungen erste und zweite halbellipsenformige vbr- 
sprunge (305c, 305d) aufweist, die sich vom Basis- 
25 block nach auGen erstrecken und das entsprechen- 
de bimorphe Element zwischen sich haltem. 

11. Piezoelektrisches Kopfbetatigungsglied nach An- 
spruch 9, 

30 bei dem der Basisblock (409) fur jede der Ausspa- 
rungen erste und zweite halbellipsenformige Vor- 
sprunge (305c, 305d) aufweist, die sich vom Basis- 
block nach auGen erstrecken und das entsprechen- 
de bimorphe Element zwischen sich haltem. 

35 

12. Piezoelektrisches Kopfbetatigungsglied nach An- 
spruch 8, 

bei dem jede der beiden Zwischenlagen (403, 407) 
einen zweiten Endabschnitt (403b, 407b) aufweist, 
40 der sich von den piezoelektrischen Korpern derart 
nach auGen erstreckt, daG das Magnetkopf-Auf- 
nahmeglied (410) auf dem zweiten Endabschnitt 
(403b, 407b) gehaltert ist. 

45 13. Piezoelektrisches Kopfbetatigungsglied nach An- 
spruch 8, 

bei dem die bimorphen Elemente (404, 408) eine 
Breite haben, die am ersten Endabschnitt groG und 
am zweiten Endabschnitt schmal ist. 

so 

14. Piezoelektrisches Kopfbetatigungsglied nach An- 
spruch 6, 

weiter gekennzeichnet durch eine Treiberschaltung 
(414) zum Ansteuem der bimorphen Elemente 
55 (404, 408). 

15. Piezoelektrisches Kopfbetatigungsglied nach An- 
spruch 2 oder 8. 
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we iter gekennzeichnet dutch eine Signalverarbei- 
tungsschaltung (1 09; 41 3), die mit dem Magnetkopt 
(107; 411) verbunden ist. 



Revendication s 

1 . Actionneur piezoelectrique comprenant : 

un element bimorphe (104 ; 404) comprenant 
des premier et second corps piezoelectriques (101 . 
102 ; 401 , 402), chacun etant polarise dans le sens 
de t epaisseur, et une cale cfespacement elastique 
(103 ; 403) prise en sandwich entre lesdits premier 
et second corps piezoelectriques, ladite caie cfes- 
pacement presentant une longueur plus grande que 
lesdits premier et second corps piezoelectriques de 
sorte qu'une premiere partie d'extremite (103a; 
403a) se prolonge vers I'exterieur depuis lesdits 
premier et second corps piezoelectriques. et des 
electrodes (101 a, 102b) deposees sur des surfaces 
desdits corps piezoelectriques distahtes de la sur- 
face en regard de ladite cale d'espacement (103 ; 
403), ledit 6l6ment bimorphe (104 ; 404) presentant 
une premiere partie d'extremite ou se prolonge la- 
dite premiere partie d'extremite (103a ; 403a) de la- 
dite cale d'espacement et une seconde partie d'ex- 
tremite distante de ladite premiere partie d'extremi- 
te, 

caracteris6 par 

une platine de base (105 ; 409) presentant un 
evidement (1 05c) et une rainure (105d) au fond 
dudit evidement destines a recevoir ladite pre- 
miere partie d'extremite dudit element bimor- 
phe (104 ; 404) et ladite premiere partie d'ex- 
tremite (103a ; 403a) de ladite cale d'espace- 
ment, respectivement, ledit evidement presen- 
tant une taille legerement superieure a la taille 
de ladite premiere partie d'extremite dudit ele- 
ment bimorphe (104 ; 404), et 
un element de support elastique {108 ; 412) ap- 
plique dans un espace entre ledit evidement et 
ladite premiere partie d'extremite dudit element 
bimorphe (104 ; 404). 

2. Actionneur piezoelectrique selon la revendication 
1, caracterise" par 

un element de support de tete magnetique 
(106) relie a une seconde partie d'extremite du- 
dit element bimorphe (104 '; 404), et 
une tele magnetique (107; 411) reliee audit 
element de support de tete magnetique (106 ; 
410). 

3. Actionneur piezoelectrique selon la revendication 1 
ou 2, dans (equal ladite cale d'espacement elasti- 
que (103) est fbrmee avec une pluralite de fentes 



(208). 

4. Actionneur piezoelectrique selon la revendication 
1, 2 ou 3, dans lequel ladite platine de base (105) 

5 comporte des premiere et seconde parties de le- 
vres (305c, 305d) presentant chacune une configu- 
ration en demi-ellipse et se prolongeant vers I'exte- 
rieur depuis la platine de base afin de maintenir ledit 
element bimorphe (104) entre lesdites premiere et 

io seconde parties de levres (305c, 305d). 

5. Actionneur de tete piezoelectrique selon la reven- 
dication 2, dans lequel ladite cale d'espacement 
(103) presente une seconde partie d'extremite 

is (1 03b) se prolongeant vers I'exterieur depuis lesdits 
premier et second corps piezoelectriques de sorte 
que ledit element de support de tete magnetique 
(106) repose sur ladite seconde partie d'extremite 
(103b). 

20 

6. Actionneur piezoelectrique selon la revendication 1 
ou 2, dans lequel ledit element bimorphe (104) pre- 
sente une largeur importante au niveau de ladite 
premiere partie d'extremite et etroite au niveau de 

25 ladite seconde partie d'extremite. 

7. Actionneur piezoelectrique selon la revendication 1 
ou 2 comprenant en outre un circuit d'attaque (110) 
destine a attaquer ledit element bimorphe (104). 

30 

8. Actionneur de tete piezoelectrique selon la reven- 
dication 2, caracterise 

par un second element bimorphe (408) com- 

35 prenant des troisieme et quatrieme corps pie- 

zoelectriques (405, 406), chacun etant polarise 
dans le sens de I'epaisseur, et une seconde ca- 
le d'espacement elastique (407) prise en sand- 
wich entre lesdits troisieme et quatrieme corps 

40 piezoelectriques, ladite cale d'espacement pre- 

sentant une longueur plus grande que lesdits 
troisieme et quatrieme corps pi6zo6lectriques 
de sorte qu'une premiere partie d'extremite 
(407a) se prolonge vers I'exterieur depuis les- 

45 dits troisieme et quatrieme corps piezoelectri- 

ques, et des electrodes deposees sur des sur- 
faces desdits corps piezoelectriques a distance 
de la surface en regard de ladite cale d'espa- 
cement (407), ledit 6l6ment bimorphe (408) 

50 comjx>rtant une premiere partie d'extremite ou 

ladite premiere partie d'extremite (407a) de la- 
dite cale d'espacement se prolonge et. une se- 
conde partie d'extremite distante de ladite pre- 
miere partie d'extremite, 

55 en ce que la platine de base (409) comporte 

des premier et second 6videments et des rai- 
nures au fond desdits 6videments, respective- 
. ment, ledit premier evidement et ladite premie-- 
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re rainure recevant ladite premiere partie d'ex- 
tr6mite dudit premier element bimorphe (404) 
et ladite premiere partie d'extremite (403a) de 
ladite cale d'espacement, respectivement, et 
I edit second evidement et ladite seconds rain u- s 
re recevant ladite premiere partie cfextremite 
dudit second element bimorphe (408) et ladite 
premiere partie cfextremite (407a) de ladite ca- 
le d'espacement, respectivement, chacun des- 
dits eVtdements presentant une taille I6gere- 10 
ment plus grande que la taille de ladite premie- 
re partie d'extremrtd dudit element bimorphe 
respectif (104), 

en ce que le premier element de support 6las- 
tique (412) est applique dans un espace entre is 
ledit premier evidement et ladite premiere par- 
tie d'extremite dudit premier element bimorphe 
(404), 

un second element de support eiastique (41 2) 
est applique dans un espace entre (edit second 20 
evidement et ladite premiere partie d'extremite 
dudit second element bimorphe (408), 
en ce que Tetement de support de tete magne- 
tique (410) est relie a des secondes parties 
d'extremite desdits premier et second elements 25 
bimorphes (404, 408). 



element de support de tete magnetique (410) repo- 
se sur ladite seconde partie d'extremite (403b, 
407b). 

13. Actionneur de tete pi6zo6lectrique selon la reven- 
dication 8, dans lequel lesdits elements bimorphes 
(404, 408) presentent une largeur qui est importan- 
te au niveau de ladite premiere partie d'extremite et 
etroite au niveau de ladite second partie d'extremi- 
te. 

14. Actionneur de tete ps6zo6lectrique selon la reven- 
dication8, comprenant en outre un circuit d'attaque 
(414) destine a attaquer lesdits elements bimor- 
phes (404. 408). 

15. Actionneur de tete pi6zoeiectrique selon la reven- 
dication 2 ou 8, comprenant en outre un circuit de 
traitement du signal (109 ; 413) relie a ladite tete 
magnetique (107 ; 411). 



9. Actionneur de tete pi6zo6lectrique selon la reven- 
dication 8, dans lequel chacune desdites premiere 

et seconde cales d'espacement (403, 407) est for- 30 
m6e avec une pluralite de fentes (208). 

10. Actionneur de tete piezoeiectrique selon la reven- 
dication 8, dans lequel ladite platine de base (409) 
comporte pour chaque evidement des premiere et 35 
seconde parties de levres (305c, 305d), chacune 
pr6sentant une configuration en demi-ellipse et se 
prolongeant vers Texterieur depuis la platine de ba- 
se afin de maintenir un 6l6ment bimorphe corres- 
pondant entre lesdites premifere et seconde parties 40 
de I6vres (305c, 305d). 

11. Actionneur de tete pi6zo6lectrique selon la reven- 
dication 9, dans lequel ladite platine de base (409) 
comporte pour chaque evidement des premiere et *s 
seconde parties de levres (305c, 305d), chacune 
presentant une configuration en demi-ellipse et se 
prolongeant vers I'exterieur depuis la platine de ba- 
se afin de maintenir un element bimorphe corres- 
pondant entre lesdites premiere et seconde parties so 
de levres (305c, 305d). 

12. Actionneur de tete pi6zo6lectrique selon la reven- 
dication 8, dans lequel chacune desdites premiere 

et seconde cales d'espacement (403, 407) pr6sen- ss 
te une seconde partie cr*extr6mit6 (403b, 407b) se 
prolongeant vers I'exterieur depuis lesdits premier 
et second corps pi6zo6lectriques de sorte que ledit 
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Fig.11 
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